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This paper deals with the use of a two dimensional pseudo-Wiener filter for 
ultrasonic image enhancement. Experimental results are presented to demonstrate the 
effectiveness of the technique for the improvement of the lateral resolution and image 
enhancement of ultrasonic images in materials such as graphite/epoxy composites and 
stainless steel. The difficulties encountered in the implementation of the filter will be 
delineated. Methods of overcoming some of these 'implementational hurdles' will be 
suggested. 
INTRODUCTION 
Ultrasonic imaging and image analysis have grown to be powerful tools in the 
fields of nondestructive evaluation (NDE) and noninvasive diagnostic medicine. While 
B-scan imaging is the most frequently used approach in medical applications [1], both 
the B-scan and C-scan imaging techniques are utilized in the field of NDE [2]. In both 
the B-scan and C-scan imaging methods, the resolution of the imaging transducer and 
the background material noise impose severe limitations on the applicability of ultra-
sonic imaging, especially in materials such as composites. The material noise can be 
most often effectively overcome by a signal processing technique such as Split Spectrum 
Procesing [3-5]. The limitation on the resolution aspect of the imaging process can be 
reduced to an extent by using one of the many deconvolution techniques [6-10]. Wiener 
filtering technique [8,11,12] is one such resolution enhancement method of signal/image 
processing. 
WIENER FIL TERING 
Parametric Wiener filtering has been traditionally used for image enhancement 
[13,14]. It is a modified version of the back propagation filter [15]. A back propagation 
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filter does not ac count either for any noise content of the image or for the finite band-
width of the Point Spread Function (PSF) of the imaging system. As a resuIt, it can be 
unstable when the amplitude of the transfer function of the PSF is very small at certain 
frequencies. This would result in a corrupted object estimate. A parametric Wiener filter 
achieves its stability in the presence of noise by minimizing the effective noise-to-signal 
ratio (NSR) of the estimated object while simultaneously minirnizing the error between 
the image and the reblurred estimated object [13]. The Fourier domain representation of 
such a parametric Wiener filter is given by 
(1) 
where, H(w ,w ) is the transfer function of the imaging system (or the PSF) and P(w ,w ) 
x y x y 
is the noise-to-signal ratio (NSR) matrix. The symbol '*' stands for complex conjuga-
tion. From equation 1, it is obvious that the NSR is a function offrequency. However, 
the NSR matrix is difficult to estimate in practical applications. 
A pseudo-Wiener filter overcomes the need for the use of frequency dependent 
noise characteristics by approximating the noise term with a frequency independent 
constant. Thus, the NSR matrix in the denominator of equation 1 can be replaced by an 
estimated constant as in equation 2 below: 
* H (wx,wy) 
Pseudo-Wiener Filter = 2 
IH (wx' wy)1 + A 
(2) 
where, A is a constant approximating the noise characteristics of the image. The con-
stant, 'A', in the denominator of equation 2 has a stabilizing effect on the filter operating 
characteristics. When IH(wx,w)I""O, the constant, 'A', ensures that the pole of the filter is 
not reached. In practice, A can be a fraction ofH(O,O), assurning H(O,O) is the maximum 
magnitude in the transfer function [12]. 
EXPERIMENTAL PROCEDURE 
Experiments have been conducted to demonstrate the performance of Wiener 
filtering for resolution enhancement applications. A DEC PDP-l1/23 computer in 
conjunction with a LeCroy transient recorder was used for the data acquisition while a 
DEC Microvax-GPX computer was used for the image processing. The PDP-l1/23 
computer also controls the stepper motor driven axes of an immersion tank in which the 
sampies being tested were submerged. The stepper motor controlled carriage was used to 
position and move the transducer to acquire an ultrasonic C-scan image of the specimen 
being tested. 
The point spread function, h(x,y), whose transfer function is used in equation 2, 
was obtained by C-scan imaging a ball bearing placed in water. However, since the 'ball 
bearing' method of determination of the PSF slightly overestimates the beam width (as a 
function of the diameter of the ball bearing), the 2-D PSF obtained by C-scanning the 
ball bearing was modified by digital processing to conform to the beam width calculated 
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Figure 1 a 
Figure 1 b 
Figure 1 c 
b 
Surrace image of a stainless steel plate. The image shows 
a pair of unresolved, narrow and c10sely spaced (1 mm) slots. 
The PSF of the transducer used to obtain the image in Figure 1 a. 
Result ofWiener filtering the image in Figure 1 a using the 
PSF in Figure 1 b. The pair of slots are c1early resolved. 
from a lateral sc an of a wire of 0.08 mm diameter. 
Three sampIes from two different types of materials were used for the experiment. 
The first sampIe was a stainless steel plate (229 mm long, 76 mm wide and 9,5 mm 
thick) which had several pairs of narrow and cIoseIy spaced slots cut into one of the 
surraces. The second sampIe was a graphite/epoxy composite (171 mm long, 117 mm 
wide and 5 mm thick) which was used for entry surface imaging. The final sampIe was a 
graphite/epoxy composite (64 mm long, 25 mm wide and 3 mm thick) with internal cure 
cracks. All data were acquired using ultrasonic immersion C-scanning technique. 
RESULTS 
The results of Wiener filtering of the 2-D images will be presented under two 
headings: 1. Stainless steel block with slots and, 2. Composite material. 
Stainless Steel Block with Siots 
Figure la shows an image of one of the pairs of slots on the top surrace of the 
steel plate. The slots were of 0.1 mm width each and were separated by 2 mm. The 
image (represents 6.35 mm by 6.35 mm of the material) was obtained using a transducer 
of center frequency of 3.5 MHz whose PSF is shown in Figure 1 b. The image in Figure-
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Figure 2 a Intemal image of a pair of slots in a stainless steel plate.The 
slots are 10.35 mm inside the material and are separated by 2 mm. 
Figure 2 b Result of Wiener filtering the image in Figure 2 a using a PSF 
obtained by C-scanning a ball bearing. The image shows a mar-
ginal improvement in resolution. 
la was Wiener filtered using the PSF in Figure Ib and with the constant A=0.004 times 
H(O,O) of the PSF in the frequency domain, which was found to be the most suitable 
value (also reported by Burgoyne et. al.[12]). The result of Wiener filtering is shown in 
Figure lc which clearly shows the two resolved slots. 
The effect of material-wave interaction on Wiener filtering was studied by imag-
ing the slots from the back surface of the sampie. The slots were approximately at a 
depth of 10.3 mm from the surface of entry. Figure 2a (represents 6.35 mm by 6.35 mm 
of the material) shows the images of the slots before processing while Figure 2b shows 
the image after processing. The PSF used for the processing was again that obtained 
from a C-scan of a ball bearing in water. The result of Wiener filtering shows some 
resolution enhancement but not as much improvement as was obtained in Figure lc, 
perhaps because of the use of a PSF in water which ignores the effect of material on the 
PSF. 
Composite Material 
Figure 3a is the entry surface image of a graphite/epoxy composite material 
(represents 3.175 mm by 3.175 mm of the material). The image has been obtained using 
a 3.0 MHz low frequency acoustic microseope transducer whose PSF is shown in Figure 
3b. The Wiener filtered image (A=0.004[H(0,0)]) is presented in Figure 3c which clearly 
shows the weave pattern of the bleeder cloth impression found on the top surface of the 
composite. 
Intemal cure cracks in a composite have been imaged and is shown in Figure 4a 
(represents 6.35 mm by 6.35 mm of the material). The cure cracks have been confirmed 
earlier by using dye enhaneed X-ray radiographie teehniques. The image shows three 
internal cracks in the epoxy of the composite material. Figure 4b shows the Wiener 
filtered image of the cure cracks. As in the case of the steel plate with slots, 'inside the 
material' image enhancement is not as effective as in the case of surface imaging. 
Nevertheless, there is a noticeable resolution improvement. 
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Figure 3 b 
Figure 3 c 
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a 
b 
c 
Surface image of a graphite/epoxy composite plate. The image 
shows a blurred pattern of the impression left by the bleeder cloth. 
The PSF of the transducer used to obtain the image in Figure 3 a. 
Result of Wiener filtering the image in Figure 3 a using the PSF in 
Figure 3 b. The bleeder cloth impression is clearly visible. 
The images presented here demonstrate the potential of Wiener filtering in image 
processing applications of ultrasonic NDE. However, there is a need for caution during 
the implementation ofthe filter since there are several implementational 'pit falls' to be 
avoided. 
First, one of the major factors affecting the Wieneruperation is, as in any other 
Fourier domain method, the presence of any abrupt changes in amplitude along the 
edges. This can produce a discontinuity because of the underlying assumption of the 
Fourier method that the image is repetitive in spacial domain. Although such a problem 
can be alleviated to a certain extent by using a suitable window function, it should be 
remembered that such a windowing alters the amplitude ratios of the very image being 
'protected' from spurious high frequency contents. Another method of reducing an edge 
discontinuity would be to subtract the average edge amplitude from the entire image and 
to perform a lowpass filtering of the Wiener filtered image. It is necessary to have the 
cut off frequency of the filter high enough to include most of the frequencies contained 
in the original image and narrow enough to reject any spurious high frequency compo-
nents. Such a lowpass filtering also eliminates the effect of any division by very small 
numbers (equation 2) outside the bandwidth of the PSF. 
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Figure 4 a Internal images of the cure cracks in a graphite/epoxy composite. 
Figure 4 b Result of Wiener filtering the image in Figure 4 a using a PSF obtained 
by C-scanning a ball bearing. 
Second, 'wrap around error' [13,14], which again sterns from the assumption of 
the Fourier method that the image repeats itself in the spacial domain, affects the object 
estimate obtained by Wiener filtering. One of the standard methods used [14] to avoid 
the wrap around error is to 'zero pad' the image and the PSF. However, such a technique 
will be successful only if the edge amplitudes are zero-valued. Otherwise, spurious high 
frequency components are introduced in the frequency domain. The need for zero 
padding is somewhat reduced in Wiener filtering applications because the PSF ususally 
has non zero amplitudes only in a small area in the center of the PSF image. As a result, 
the filter affects only a small band (depending on the width of the nonzero amplitudes, 
that is, th'e beam width of the PSF) along the edge of the object estimate obtained by 
Wiener filtering. Hence, the larger the beam diameter of the transducer, the wider will be 
the 'corruption band' of the processed image when zero padding is not performed. 
A third factor that affects the performance of a Wiener filter is the ranges of the 
amplitude values of the PSF and the image being processed. It is necessary to normalize 
the amplitudes of the PSF and the image so that they span the same range of values. This 
is necessary because of the presence of the constant 'A' in the denominator of equation 2 
(A is a fraction of H(O,O) of the PSF). 
It can be observed from Figures 1c and 3c that the PSFs are Gaussian shaped (for 
a transducer with a symmetrical beam). Hence, an analytically genera ted Gaussian beam 
of appropriate varianee (to eonform to the azimuthaI resolution of the transducer) ean be 
used for Wiener filtering if the transdueer is known to have a symmetrie al beam. Figures 
5a, b, c and d are the processed images of those in Figures 1a, 2a, 3a and 4a, respee-
tively. The processing has been performed using PSFs generated by equation 3 below: 
PSF = K exp [ (x _i)2 - (y _y)2] 
2cr2 2cr2 x y 
(3) 
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Figure 5 a Result of Wiener filtering the image in Figure 1 a using an analyti-
cally generated Gaussian PSF. 
Figure 5 b Result of Wiener filtering the image in Figure 2 a using an analyti-
cally generated Gaussian PSF. 
Figure 5 c Result of Wiener filtering the image in Figure 3 a using an analyti-
cally generated Gaussian PSF. 
Figure 5 d Result ofWiener filtering the image in Figure 4 a using an analyti-
cally generated Gaussian PSF. 
where, K is a constant. The results of using analytical PSFs are quite similar to that 
obtained by using the actual PSFs. 
CONCLUSIONS 
Two dimensional pseudo-Wiener filtering has been shown to be an effective 
resolution enhancement operator for ultrasonic NDE applications. The method provides 
improved resolution in both surface images and internal images in materials such as 
composite material and stainless steel. For a successful implementation of the technique, 
it is necessary to remove any edge discontinuity by subtracting the average edge ampli-
tude from the entire image. The PSF and the image amplitudes should be normalized 
toidentical ranges. Finally, ifthe transducer is known to have a symmetrical field, an 
analytical Gaussian PSF can be used in place of the experimentally obtained PSF of the 
transducer. 
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